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(54) Light-weight flat antenna device tolerant of temperature variation 



(57) A fiat antenna device is constructed such that 
circular patches 1 are provided on one surface of a di- 
electric film 2a, a metallic grounding conductor film 4 is 
fitted to one surface of a dielectric film 2b, a dielectric 
member 3 is sandwiched between the dielectric film 2a 



and the dielectric film 2b, and an extending mechanism 
5 is provided to the periphery of the device so as to main- 
tain the dielectric film 2a and the dielectric film 2b in a 
fully extended state. A circular microstrip patch antenna 
is formed by the metaliic grounding conductor film 4 and 
each of the circular patches 1 . 
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Description 

BACKGROUND OF THE INVENTION 

1. Field ol the Invention 

[0001] The present invention generally relates to flat 
antenna devices and, more particularly, to a flat antenna 
device applicable to communication, a radar apparatus, 
etc which is light and which is not easily deformed due 
to a temperature change. 

2. Description of the Related Art 

[0002] Fig. 11 shows a prior art flat antenna device 
disclosed, for instance, in Japanese LaidOpen Patent 
Application No. 60-10805. Reference numeral 8 indi- 
cates a radiation element, numeral 9 indicates a honey- 
comb dielectric core, numeral 10 indicates a grounding 
conductor, and numerals 1 1 a and 11b indicate dielectric 
skins. In this antenna device, a microstrip patch antenna 
is formed by sandwiching the honeycomb dielectric core 
9 and the dielectric skins 11a and 11b between the rec- 
tangular radiation element 8 and the grounding conduc- 
tor 10. 

[0003] When the weight of the prior art flat antenna 
device as constructed above is to be reduced, the hon- 
eycomb dielectric core 9 may be enlarged or the dielec- 
tric skins 11a and 11b may be made thin. When the 
weight of the flat antenna device is reduced by enlarging 
the honeycomb dielectric core 9, there is a problem in 
that the flatness of the flat antenna device is deteriorated 
due to the bending of the dielectric skins 11 a and lib, 
resulting in deterioration in the electric performance of 
the device. 

[0004] The weight of the flat antenna device may also 
be reduced by making the dielectric skins 11a and 11b 
thin. However, in order to maintain the strength of the 
device, the thickness of the dielectric skins 11a and 1 1 b 
may be decreased only to a certain degree. Therefore, 
reduction in the weight of the device according to such 
a method is effective only to a certain extent. 
[0005] It is to be noted that the flat antenna device as 
described above may be used in an environment where 
a significant temperature change is caused. For exam- 
ple, the device may be used in a satellite orbit. In gen- 
eral, the coefficient of thermal expansion of metal mem- 
bers fitted to the grounding conductor sheet or the radi- 
ation element sheet differs significantly from that of the 
other sheets. This produces a problem that, if the an- 
tenna device is used in an environment where a signif- 
icant temperature change occurs, the flatness of the an- 
tenna suffers due to bimetal deformation, resulting in de- 
terioration in the electric performance of the antenna de- 
vice. 

[0006] Moreover, the metal member used to form the 
grounding conductor and the radiation element is larger 
in specific gravity than the material for the other sheets, 



thus making it even more difficult to reduce the weight 
of the flat antenna device. 

SUMMARY OF THE INVENTION 
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[0007] Accordingly, an object of the present invention 
is to provide a flat antenna device which is light in weight 
and has an excellent flatness maintained even in an en- 
vironment with a significant temperature change such 

io as a satellite orbit. 

[0008] The aforementioned object can be achieved by 
a flat antenna device comprising: a radiation element 
sheet formed such that a metallic radiation element is 
fitted to one of a film sheet and a meshed sheet; a 

is grounding conductor sheet having a metallic grounding 
conductor; a frame-like member provided between the 
radiation element sheet and the grounding conductor 
sheet; and feeder means for feeding power to the radi- 
ation element. 

20 [0009] The flat antenna device may further comprise: 
a mechanism for maintaining the radiation element 
sheet and the grounding conductor sheet in a fully ex- 
tended state. 

[0010] The frame-like member may be formed of a 
25 material having a coefficient of thermal expansion dif- 
ferent form that of the radiation element sheet and the 
grounding conductor sheet. 

[001 1] The grounding conductor sheet may be formed 
by fitting the metallic grounding conductor to the entirety 
30 of the surface of one of the film sheet and the meshed 
sheet. 

[0012] A plurality of radiation element sheets and a 
plurality of frame-like members may be built upon one 
another. 

35 [001 3] The radiation element sheet and the grounding 
conductor sheet may be disposed- such that the surface 
carrying the radiation element and the surface carrying 
the grounding conductor are opposite to each other. 
[0014] The aforementioned object can also be 

40 achieved by a flat antenna device comprising: a radia- 
tion element sheet formed such that a metallic radiation 
element is fitted to one of a film sheet and a meshed 
sheet; a grounding conductor sheet formed by fitting a 
metallic grounding conductor having a large number of 

45 holes formed therein to one of a film sheet and a meshed 
sheet; a frame-like member provided between the radi- 
ation element sheet and the grounding conductor sheet; 
a mechanism for maintaining the radiation element 
sheet and the grounding conductor sheet in a fully ex- 

50 tended state, and feeder means for feeding power to the 
radiation element. 

[0015] The ground conductor sheet may be formed 
such that a metallic coat is applied to a meshed sheet. 
[001 6] The grounding conductor sheet may be formed 
55 by fitting a compact of metallic fibers to one of a film 
sheet and a meshed sheet. 

[001 7] The grounding conductor sheet may be formed 
by fitting knitted metallic fibers to one of a film sheet and 
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a meshed sheet. 
[0018] The grounding conductor sheet may be formed 
by embroidering metallic fibers on one of a film sheet 
and a meshed sheet. 

[0019] The aforementioned object can also be 
achieved by a flat antenna device comprising: a radia- 
tion element sheet formed by fitting a metallic radiation 
element having a large number of holes to one of a film 
sheet anda meshed sheet; a grounding conductor sheet 
having a metallic grounding conductor; a frame-like 
member provided between the radiation element sheet 
and the grounding conductor sheet; and feeder means 
for feeding power to the radiation element. 
[0020] The radiation element sheet may be construct- 
ed such that a metallic coat is applied to a meshed 
sheet. 

[0021] The radiation element sheet may be formed by 
fitting a compact of metallic fibers to one of a film sheet 
and a meshed sheet. 

[0022] The radiation element sheet may be formed by 
fitting knitted metallic fibers to a film sheet or a meshed 
sheet. 

[0023] The radiation element sheet may be formed by 
embroidering metallic fibers on one of a film sheet and 
a meshed sheet. 

[0024] The grounding conductor sheet may be con- 
structed such that a metallic conductor having a large 
number of holes is fitted to one of a film sheet and a 
meshed sheet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Other objects and further features of the 
present invention will be apparent from the following de- 
tailed description of preferred embodiments of the in- 
vention, which is given by way of example and should 
be read in conjunction with the accompanying drawings, 
in which: 



4 

an overall constructbn of a flat antenna device ac- 
cording to a fifth embodiment; 
Fig. 5(b) is a sectional view of the antenna device 
o1 Fig. 5(a); 

Fig. 6(a) is an exploded perspective view showing 
an overall construction of a flat antenna device ac- 
cording to a sixth embodiment; 
Fig. 6(b) is a sectional view of the antenna device 
of Fig. 6(a); 

Fig. 7(a) is an exploded perspective view showing 
an overall construction of a flat antenna device ac- 
cording to a tenth embodiment; 
Fig. 7(b) is a sectional view of the antenna device 
of Fig. 7(a); 

Fig. 8(a) is an exploded perspective view showing 
an overall construction of a flat antenna device ac- 
cording to an eleventh embodiment; 
Fig. 8(b) is a sectional view of the antenna device 
of Fig. 8(a); 

Fig. 9(a) is an exploded perspective view showing 
an overall construction of a flat antenna device ac- 
cording to a twelfth embodiment; 
Fig. 9(b) is a sectional view of the antenna device 
of Fig. 9(a); 

Fig. 10(a) is an exploded perspective view showing 
an overall construction of a flat antenna device ac- 
cording to a sixteenth embodiment; 
Fig. 10(b) is a sectional view of the antenna device 
of Fig. 10(a); and 

Fig. 11 shows a flat antenna device according to a 
prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] A description will now be given of the embod- 
iments of the present invention. 

The First Embodiment: 

[0027] Fig. 1(a) is an exploded perspective view 
showing an overall construction of a flat antenna device 
according to a first embodiment, and Fig. 1(b) is a sec- 
tional view of the antenna device of Fig. 1(a). Referring 
to Figs. 1(a) and 1(b), reference numeral 1 indicates a 
metallic radiation element configured as, for example, a 
circular patch. Numerals 2a and 2b indicate thin dielec- 
tric films (sheet) formed of, for example, Kevlar fiber re- 
inforced plastic (KFRP). Numeral 3 indicates a dielectric 
member of a picture frame configuration (picture frame 
member) formed of, for example, carbon fiber reinforced 
plastic (CFRP). Numeral 4 indicates a thin metallic 
grounding conductor film (grounding conductor), nu- 
meral 5 indicates an extending mechanism (mechanism 
for maintaining the dielectric films in a fully extended 
state) and feeder numeral 6 indicates means for feeding 
power to the circular patches 1 . The feeder means may 
be embodied, for instance, by microstrip lines. As shown 



Fig. 1(a) is an exploded perspective view showing 40 
an overall construction of a flat antenna device ac- 
cording to a first embodiment; 
Fig. 1(b) is a sectional view of the antenna device 
of Fig. 1(a); 

Fig. 2(a) is an exploded perspective view -showing 45 
an overall construction of a flat antenna device ac- 
cording to a second embodiment: 
Fig. 2(b) is a sectional view of the antenna device 
of Fig. 2(a); 

Fig. 3(a) is an exploded perspective view showing so 
an overall construction of a flat antenna device ac- 
cording to a third embodiment; 
Fig. 3(b) is a sectional view of the antenna device 
of Fig. 3(a); 

Fig. 4 shows a construction of a flat antenna device ss 
according to a fourth embodiment of the present in- 
vention; 

Fig. 5(a) is an exploded perspective view showing 
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in Figs. 1 (a) and 1 (b), the circular patches 1 and the me- 
tallic grounding conductor film 4 are fitted to the dielec- 
tric films 2a and 2b, respectively, so as to constitute the 
radiation element sheet and the grounding conductor 
sheet, respectively. The dielectric films 2a and 2b are 
built upon one another so as to sandwich the dielectric 
picture frame member 3 therebetween. The extending 
mechanism 5 is fitted to the periphery of the construction 
so as to maintain the dielectric films 2a and 2b in a fully 
extended state. Therefore, a circular microstrip patch 
antenna is constructed of the metallic grounding con- 
ductor film 4 and the circular patch 1 . 
[0028] In the flat antenna device constructed as de- 
scribed above, an excellent flatness is produced be- 
cause the dielectric films 2a and 2b are maintained in a 
fully extended state by the extending mechanism 5. 
Moreover, since a dielectric material does not fill the en- 
tirety of the space between the circular patch 1 and the 
metallic grounding conductor film 4 constituting a circu- 
lar microstrip patch antenna, a broadband, low-loss flat 
antenna device with a light weight is obtained. A notable 
benefit resulting from this is that the weight of a large- 
scale antenna is significantly reduced as compared with 
the prior-art antenna. 

The Second Embodiment: 

[0029] Figs. 2(a) and 2(b) show a construction of a flat 
antenna device according to a second embodiment of 
the present invention. Fig. 2(a) is an exploded perspec- 
tive view showing an overall construction of the device, 
and Fig. 2(b) is a sectional view thereof. As shown in 
Figs. 2(a) and 2(b), the circular patches 1 and the me- 
tallic grounding conductor film 4 are fitted to the KFRP 
dielectric films 2a and 2b, respectively, so as to consti- 
tute the radiation element sheet and the grounding con- 
ductor sheet, respectively. In the second embodiment, 
the dielectric films 2a and 2b sandwich the dielectric 
member 3 such that the dielectric films 2a and 2b are 
adhesively attached to the dielectric member 3 in a high- 
temperature environment. Thus, a circular microstrip 
patch antenna is constructed of the metallic grounding 
conductor film 4 and the circular patch 1 . 
[0030] Since the coefficient of thermal expansion of 
the KFRP dielectric films 2a and 2b of the flat antenna 
device constructed as described above is positive while 
the coefficient of thermal expansion of the CFRP dielec- 
tric member 3 thereof is negative, the dielectric films 2a 
and 2b are maintained in a fully extended state in a tem- 
perature lower than the temperature when the adhesion 
is performed. Thus, an antenna device with an excellent 
flatness results. Since no specific mechanism for main- 
taining the dielectric films 2a and 2b in a fully extended 
state is introduced, it is easier to produce a flat antenna 
device according to the second embodiment than ac- 
cording to the first embodiment. Further, the weight of 
the device is further reduced according to the second 
embodiment. Moreover, since a dielectric material does 



nol fill the entirety of the space between the circular 
patch 1 and the metallic grounding conductor film 4 con- 
structing a circular microstrip patch antenna, a broad- 
band, low-loss flat antenna device with a light weight is 
5 obtained. A notable benefit resulting form this is that the 
weight of a large-scale antenna is significantly reduced 
as compared with the prior-art antenna. 

The Third Embodiment: 

10 

[0031 ] Figs. 3(a) and 3(b) show a construction of a flat 
antenna device according to a third embodiment of the 
present invention. Fig. 3(a) is an exploded perspective 
view of the entirety of the device, and Fig. 3(b) is a sec- 

15 tional view thereof. The device according to the third em- 
bodiment is an elaboration of the device according to 
the first embodiment or the device according to the sec- 
ond embodiment. Here, a description is given of the de- 
vice which is an elaboration of the device of the first em- 

20 bodiment. Referring to Figs. 3(a) and 3(b), reference nu- 
meral 7 indicates a metallic radiation element. In this 
embodiment, the radiation elements 7 are formed as 
parasitic circular patches. Numeral 2c indicates a KFRP 
sheet to which the parasitic circular patches are fitted. 

2S in this embodiment, the dielectric member 3 is inserted 
between the dielectric film 2a and the dielectric film 2b, 
and also between the dielectric film 2a and the dielectric 
film 2c. The extending mechanism 5 is fitted to the pe- 
riphery of the construction so as to maintain the dielec- 

30 trie film 2a, the dielectric film 2b and the dielectric film 
2c in a fully extended state. Thus, a circular microstrip 
patch antenna provided with a parasitic element is con- 
structed of the metallic grounding conductor film 4, the 
circular patch 1 and the parasitic circular patch 7. 

35 [0032] In the flat antenna device constructed as de- 
scribed above, an excellent flatness is produced since 
the dielectric films 2a, 2b and 2c are maintained in a fully 
extended state by the extending mechanism 5. Moreo- 
ver, since a dielectric material does not fill the entirety 

40 of the space between the parasitic circular patch 7 and 
the circular patch 1 and also between the circular patch 
1 and the metallic grounding conductor film 4, a broad- 
band, low-loss flat antenna device with a light weight is 
obtained. A notable benefit resulting from this is that the 

45 weight of a large-scale antenna is significantly reduced 
as compared with the prior-art antenna. 

The Fourth Embodiment: 

so [0033] Fig. 4 shows a construction of a flat antenna 
device according to a fourth embodiment of the present 
invention. The device according to the fourth embodi- 
ment is an elaboration of the device according to the first 
embodiment, the device according to the second em- 

55 bodiment or the device according to the third embodi- 
ment. Fig. 4 is a sectional view of the device which is an 
elaboration of the device of the first embodiment. As 
shown in Fig. 4, in the fourth embodiment, the surface 
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of the dielectric film 2a carrying the circular patches 1 
and the surface of the dielectric film 2b carrying the me- 
tallic grounding conductor film 4 are disposed so as to 
be opposite to each other. 

[0034] In the flat antenna device constructed as de- 
scribed above, a dielectric material does not fill the 
space between the circular patch 1 and the metallic 
grounding conductor film 4. That is, a dielectric material 
is absent in a space with a high concentration of electric 
field. In this way, an improved broadband, low-loss flat 
antenna device is obtained. 

The Fifth Embodiment: 

[0035] Figs. 5(a) and 5(b) show a construction of a flat 
antenna device according to a fifth embodiment of the 
present invention. Fig. 5(a) is an exploded perspective 
view-of the overall construction of the device, and Fig. 
5(b) is a sectional view thereof. Referring to Figs. 5(a) 
and 5(b), reference numeral 1 indicates a metallic radi- 
ation element configured as, for example, a circular 
patch. 

Numeral 2a indicates a film dielectric sheet or a meshed 
dielectric sheet, and numeral 2b also indicates a film di- 
electric sheet or a meshed dielectric sheet. For exam- 
ple, each of the dielectric sheets 2a and 2b may be 
formed of KFRP (Kevlarfiber reinforced plastic). Numer- 
al 3 indicates a dielectric member configured as a pic- 
ture frame and formed of, for instance, CFRP (carbon 
fiber reinforced plastic). Numeral 21 indicates a metallic 
grounding conductor in which a large number of holes 
21a are formed. For example, the holes may be formed 
by etching a copper foil (hereafter, grounding conductor 
21 will be referred to as a perforated copper foil). Nu- 
meral 6 indicates feeder means for feeding power to the 
circular patches 1 . The feeder means may be formed of, 
for instance, by microstrip lines. As shown in Figs. 5(a) 
and 5(b), the circular patches 1 and the perforated cop- 
per foil 21 are fitted on the dielectric film 2a and the di- 
electric film 2b, respectively, so as to constitute the ra- 
diation element sheet and the grounding conductor 
sheet, respectively. The dielectric film 2a and the die- 
lectric film 2b are built upon one another and adhesively 
attached to each other so as to sandwich the dielectric 
member 3 therebetween. Thus, a circular microstrip 
patch antenna is constructed of the perforated copper 
foil 21 and the circular patch 1 . 

[0036] In the flat antenna device constructed as de- 
scribed above, since a large number of holes 21a exist 
in the perforated copper foil 21 operating as a grounding 
conductor, the modulus of elasticity of the surface of the 
copper foil 21 is relatively low so that thermal stress gen- 
erated in the grounding conductor sheet when a sur- 
rounding temperature changes is eased. An effect ob- 
tained as a result of this is that deterioration in the an- 
tenna performance due to bimetal deformation and oc- 
curring in a prior-art expansion flat antenna having a me- 
tallic film fitted to the entirety of the surface of the 



grounding conductor sheet is prevented: even when the 
antenna device is placed in a harsh temperature envi- 
ronment like a satellite orbit. 

[0037] Moreover, as compared with the device with a 
5 continuous metallic film, the gross weight of metal is de- 
creased by using-a metallic member having a large 
number of holes formed therein as a grounding conduc- 
tor. This provides an effect of reducing the weight of the 
flat antenna device. 

The Sixth Embodiment: 

[0038] Figs. 6(a) and 6(b) show a construction of a flat 
antenna device according to a sixth embodiment of the 
present invention. Fig. 6(a) is an exploded perspective 
view of the overall construction of the device, and Fig. 
6(b) is a sectional view thereof. Referring to Figs. 6(a) 
and 6(b), numeral 22 indicates a grounding conductor 
sheet constructed such that a metallic coat is applied to 
a meshed dielectric sheet. For example, copper may be 
plated to a KFRP sheet reinforced by a coarse tri-axis 
Kevlar fabric to form the grounding conductor sheet 22. 
[0039] The flat antenna device of this construction is 
the same as the device according to the fifth embodi- 
ment except that the meshed KFRP sheet having the 
copper plate applied thereto is used as the grounding 
conductor sheet 22 instead of the perforated copper foil 
21 fitted to the KFRP dielectric film 2b. In Figs. 6(a) and 
6(b), those components that correspond to the compo- 
nents of the device according to the fifth embodiment 
are designated by the same reference numerals and the 
description thereof is omitted. 

[0040] Since the copper plating operating as the 
grounding conductor is integrated with the KFRP tri-axis 
fabric in the flat antenna device constructed as de- 
scribed above, the unfavorable effect due to bimetal de- 
formation is prevented. Moreover, thermal stress gen- 
erated in the grounding conductor sheet when a sur- 
rounding temperature changes is eased because the 
copper plating on the tri-axis fabric KFRP has a meshed 
distribution. An effect obtained as a result of this is that 
deterioration in the antenna performance due to bimetal 
deformation and occurring in a prior-art expansion flat 
antenna having a metallic film fitted to the entirety of the 
surface of the grounding conductor sheet is prevented, 
even when the antenna device is placed in a harsh tem- 
perature environment like a satellite orbit. 
[0041] Moreover, as compared with the device with a 
metallic film fitted to the entirety of the KFRP sheet, the 
copper plating on the KFRP tri-axis fabric causes the 
gross weight of metal to decrease. This provides an ef- 
fect of reducing the weight of the flat antenna device. 

The Seventh Embodiment: 

[0042] The flat antenna device according to a seventh 
embodiment of the present invention is the same as the 
device according to the fifth embodiment except that a 
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compact formed of metallic fibers is used as the ground- 
ing conductor instead of the perforated coppper foil 21 . 
In the seventh embodiment, short fibers of copper may 
be thinned like paper so as to form a tissue-like compact. 
[0043] In the flat antenna device constructed as de- 
scribed above, the modulus of elasticity of the surface 
of the copper ground conductor is relatively low as in the 
device according to the fifth embodiment so that thermal 
stress generated in the grounding conductor sheet oc- 
curring when a surrounding temperature changes is 
eased. Thus, deterioration in the antenna performance 
due to bimetal deformation is prevented. 
[0044] Moreover, as compared with the device with a 
metallic film, the gross weight of metal is decreased by 
using the metallic-fiber compact as a grounding conduc- 
tor. This provides an effect of reducing the weight of the 
flat antenna device. 

The Eighth Embodiment 

[0045] The flat antenna device according to an eighth 
embodiment of the present invention is the same as the 
device according to the fifth embodiment except that a 
compact formed of metallic fibers is used as the ground- 
ing conductor instead of the perforated copper foil 21. 
In the eighth embodiment, the compact is formed by 
twining long fibers of copper around each other. 
[0046] In the flat antenna device constructed as de- 
scribed above, the modulus of elasticity of the surface 
of the copper ground conductor is relatively low as in the 
device according to the fifth embodiment so that thermal 
stress generated in the grounding conductor sheet oc- 
curring when a surrounding temperature changes is 
eased. Thus, deterioration in the antenna performance 
due to bimetal deformation is prevented. 
[0047] Moreover, as compared with the device with a 
metallic film, the gross weight of metal is decreased by 
using the metallic-fiber compact as a grounding conduc- 
tor. This provides an effect of reducing the weight of the 
flat antenna device. 

The Ninth embodiment: 

[0048] The flat antenna device according to a ninth 
embodiment of the present invention is the same as the 
device according to the fifth embodiment except that a 
compact formed of metallic fibers is used as the ground- 
ing conductor instead of the perforated copper foil 21. 
In the ninth embodiment, the compact is formed by tri- 
cot-knitting long fibers of copper. 
[0049] In the flat antenna device constructed as de- 
scribed above, the modulus of elasticity of the surface 
of the copper grounding conductor is relatively low as in 
the device according to the fifth embodiment so that 
thermal stress generated in the grounding conductor 
sheet occurring when a surrounding temperature 
changes is eased. Thus : deterioration in the antenna 
performance due to bimetal deformation is prevented. 



[0050] Moreover, as compared with the device with a 
metallic film, the gross weight of metal is decreased by 
using the metallic-fiber compact as a grounding conduc- 
tor. This provides an effect of reducing the weight ol the 
5 fiat antenna device. 

The Tenth Embodiment: 

[0051] Figs. 7(a) and 7(b) show a construction of a flat 
to antenna device according to a tenth embodiment of the 
present invention. Fig. 7(a) is an exploded perspective 
view of the overall construction of the device, and Fig. 
7(b) is a sectional view thereof. Referring to Figs. 7(a) 
and 7(b), reference numeral 23 indicates a grounding 
is conductor sheet formed by embroidering metallic fibers 
on a dielectric sheet formed as a mesh or a film. In the 
tenth embodiment, copper fibers are embroidered on a 
KFRP tri-axis fabric. 

[0052] The flat antenna device according to the tenth 
20 embodiment is the same as the device according to the 
fifth embodiment except that the KFRP tri-axis fabric 
having the copper fibers embroidered thereon is used 
as the grounding conductor sheet 23 instead of the per- 
forated copper foil 21 fitted to the dielectric film 2b. In 
25 Figs. 7(a) and 7(b), those components that correspond 
to the components of the device according to the fifth 
embodiment are designated by the same reference nu- 
merals and the description thereof is omitted. 
[0053] In the flat antenna device constructed as de- 
30 scribed above, the copper fibers embroidered on the 
grounding conductor sheet are formed as meshes not 
interfering one another so that thermal stress generated 
in the grounding conductor sheet occurring when a sur- 
rounding temperature changes is eased. An effect ob- 
35 tained as a result of this is that deterioration in the an- 
tenna performance due to bimetal deformation and oc- 
curring in a prior-art expansion flat antenna having a me- 
tallic film fitted to the entirety of the surface of the 
grounding conductor sheet is prevented., even when the 
40 antenna device is placed in a harsh temperature envi- 
ronment like a satellite orbit. 

[0054] By embroidering metallic fibers on the ground- 
ing conductor sheet, the gross weight of metal is de- 
creased as compared to the device where a metallic film 
45 is fitted to the grounding conductor. This provides an ef- 
fect of reducing the weight of the flat antenna device. 

The Eleventh Embodiment: 

so [0055] Figs. 8(a) and (b) show a construction of a flat 
antenna device according to an eleventh embodiment 
of the present invention. Fig. 8(a) is an exploded per- 
spective view of the overall construction of the device, 
and Fig. 8(b) is a sectional view thereof. Referring to 

55 Figs. 8(a) and 8(b), reference numeral 24 indicates a 
metallic radiation element having a large number of 
holes formed therein, in this embodiment, each of the 
radiation elements 24 is formed as a circular patch 
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formed by etching a circular copper foil so as to form 
holes 24a. Numeral 2a indicates a film dielectric sheet 
or a meshed dielectric sheet, and numeral 2b also indi- 
cates a film dielectric sheet or a meshed dielectric sheet. 
For example, the dielectric films 2a and 2b may be 
formed of, for example, KFRP. Numeral 3 indicates a 
dielectric member configured as a picture frame and 
formed of. for instance, CFRP (carbon fiber reinforced 
plastic). Numeral 4 indicates a metallic grounding con- 
ductor metallic film embodied by, -for example, a copper 
foil. Numeral 6 indicates feeder means for feeding pow- 
er to the circular patches 24. The feeder means 6 may 
be embodied by, for instance, microstrip lines. As shown 
in Figs. 8(a) and 8(b), the circular patches 24 and the 
metallic grounding conductor film 4 are fitted to the die- 
lectric film 2a and the dielectric film 2b, respectively, so 
as to constitute the radiation element sheet and the 
ground conductor sheet, respectively. The dielectric film 
2a and the dielectric film 2b are built upon one another 
and adhesively attached to each other so as to sandwich 
the dielectric member 3 therebetween. Thus, a circular 
microstrip patch antenna is constructed of the metallic 
grounding conductor film 4 and the circular patch 24. 
[0056] In the flat antenna device constructed as de- 
scribed above, since a large number of holes exist in the 
copper foil operating as the radiation element, the mod- 
ulus of elasticity of the surface of the copper foil is rela- 
tively low sothat thermal stress generated in the ground- 
ing conductor sheet when a surrounding temperature 
changes is eased. An effect obtained as a result of this 
is that deterioration in the antenna performance due to 
bimetal deformation and occurring in a prior-art expan- 
sion flat antenna having a metallic film fitted to the radi- 
ation element sheet is prevented, even when the anten- 
na device is placed in a harsh temperature environment 
like a satellite orbit. 

[0057] Moreover, as compared with the device with a 
continuous metallic film, the gross weight of metal is de- 
creased by using the copper foil having a large number 
of holes formed therein as a radiation element. This pro- 
vides an effect of reducing the weight of the flat antenna 
device. 

The Twelfth Embodiment: 

[0058] Figs. 9(a) and (b) show a construction of a flat 
antenna device according to a twelfth embodiment of 
the present invention Fig. 9(a) is an exploded perspec- 
tive view of the overall construction of the device, and 
Fig. 9(b) is a sectional view thereof. Referring to Fig. 9 
(a) and 9(b), reference numeral 2a indicates a meshed 
dielectric sheet. In the twelfth embodiment, the meshed 
dielectric sheet 2a is formed of KFRP reinforced by a 
coarse tri-axis Kevlar fabric. Numeral 25 indicates a me- 
tallic radiation element coated on the meshed dielectric 
sheet. In this embodiment, the radiation element is 
formed as a circular patch formed by applying a copper 
plate of a circular pattern on the tri-axis dielectric fabric 



film 2a. 

[0059] The flat antenna device according to the 
twelfth embodiment is the same as the device according 
to the eleventh embodiment except that the tri-axis fab- 

5 ric dielectric film 2a having the copper plate of a circular 
pattern applied thereto is used as the radiation element 
sheet instead of the perforated copper foil 21 fitted to 
the dielectric film 2a. In Figs. 9(a) and 9(b) : those com- 
ponents that correspond to the components of the de- 

10 vice according to the eleventh embodiment are desig- 
nated by the same reference numerals and the descrip- 
tion thereof is omitted. 

[0060] Since the copper plate operating as a radiation 
element is integrated with the tri-axis KFRP fabric die- 

is lectric sheet 2a in the flat antenna device constructed 
as described above, the unfavorable effect due to bimet- 
al deformation is prevented. Moreover, thermal stress 
generated in the grounding conductor sheet when a sur- 
rounding temperature changes is eased since the cop- 

20 per plated on the KFRP tri-axis fabric has a meshed dis- 
tribution. An effect obtained as a result of this is that de- 
terioration in the antenna performance due to bimetal 
deformation and occurring in a prior-art expansion flat 
antenna having a metallic film fitted to the radiation el- 

25 ement sheet is prevented, even when the antenna de- 
vice is placed in a harsh temperature environment like 
a satellite orbit. 

[0061] Moreover, as compared with the device with a 
metallic film fitted to the dielectric film, the gross weight 
30 of metal is decreased by plating copper on the tri-axis 
KFRP fabric dielectric film 2a to construct the radiation 
element sheet. This provides an effect of reducing the 
weight of the flat antenna device. 



[0062] The flat antenna device according to a thir- 
teenth embodiment of the present invention is the same 
as the device according to the eleventh embodiment ex- 
cept that the circular patch is formed by a metallic fiber 
compact instead of the perforated copper foil 21 . In the 
thirteenth embodiment, short fibers of copper may be 
thinned like paper so as to form a tissue-like compact. 
[0063] In the flat antenna device constructed as de- 
scribed above, the modulus of elasticity of the surface 
of the copper radiation element is relatively low as in the 
eleventh embodiment sothat thermal stress generated 
in the radiation element sheet when a surrounding tem- 
perature changes is eased. Thus, deterioration in the 
antenna performance due to bimetal deformation is pre- 
vented. 

[0064] Moreover, as compared with the device with a 
metallic film, the gross weight of metal is decreased by 
using the metallic-fiber compact as a radiation element. 
This provides an effect of reducing the weight of the flat 
antenna device. 
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The Fourteenth Embodiment: 

[0065] The flat antenna device according to a four- 
teenth embodiment of the present invention is the same 
as the device according to the eleventh embodiment ex- s 
cept that a compact formed of metallic fibers is used to 
form the circular patch instead of the perforated copper 
foil 21. In the fourteenth embodiment, the compact is 
formed by twining long fibers of copper around each oth- 
er. 

[0066] In the flat antenna device constructed as de- 
scribed above, the modulus of elasticity of the surface 
of the copper radiation element is relatively low as in the 
device according to the eleventh embodiment so that 
thermal stress generated in the radiation element sheet 
occurring when a surrounding temperature changes is 
eased. Thus, deterioration in the antenna performance 
due to bimetal deformation is prevented. 
[0067] Moreover, as compared with the device with a 
metallic film, the gross weight of metal is decreased by 
using the metallic-fiber compact as a radiation element. 
This provides an effect of reducing the weight of the flat 
antenna device. 

The Fifteenth Embodiment: 

[0068] The flat antenna device according to a fifteenth 
embodiment of the present invention is the same as the 
device according to the eleventh embodiment except 
that the circular patch is formed by a compact formed of 
metallic fibers instead of the perforated copper foil 21 . 
In the fifteenth embodiment, the compact is formed by 
tricot-knitting long fibers of copper. 
[0069] In the flat antenna device constructed as de- 
scribed above, the modulus of elasticity of the surface 
of the copper radiation element is relatively low as in the 
device according to the eleventh embodiment so that 
thermal stress generated in the radiation element sheet 
occurring when a surrounding temperature changes is 
eased. Thus, deterioration in the antenna performance 
due to bimetal deformation is prevented. 
[0070] Moreover, as compared with the device with a 
metallic film, the gross weight of metal is decreased by 
using the metallic-fiber compact as a radiation element. 
This provides an effect of reducing the weight of the flat 
antenna device. 

The Sixteenth Embodiment: 

[0071] Figs. 10(a) and 10(b) show a construction of a 
flat antenna device according to a sixteenth embodi- 
ment of the present invention. Fig. 10(a) is an exploded 
perspective view of the overall construction of the de- 
vice, and Fig. 1 0(b) is a sectional view thereof. Referring 
to Figs. 10(a) and 10(b), reference numeral 2a indicates 
a dielectric sheet formed as a mesh or a film. In the six- 
teenth embodiment, the dielectric sheet is embodied by 
a Kevlar tri-axis fabric. Numeral 26 indicates a radiation 



element formed by embroidering metallic fibers on the 
dielectric sheet 2a. In this embodiment, the radiation el- 
ement is formed as a circular patch formed by embroi- 
dering copper fibers on the KFRP tri-axis fabric in a cir- 
cular pattern. 

[0072] The flat antenna device according to the six- 
teenth embodiment is the same as the device according 
to the eleventh embodiment except that the KFRP tri- 
axis fabric having the copper fibers embroidered there- 
on is used as the radiation element sheet instead of the 
perforated copper foil 21 fitted to the dielectric film 2a. 
In Figs. 10(a) and 10(b), those components that corre- 
spond to the components of the device according to the 
eleventh embodiment are designated by the same ref- 
erence numerals and the description thereof is omitted. 
[0073] In the flat antenna device constructed as de- 
scribed above, the copper fibers embroidered on the ra- 
diation element sheet are formed as meshes not inter- 
fering each other so that thermal stress generated in the 
radiation element sheet occurring when a surrounding 
temperature changes is eased. An effect obtained as a 
result of this is that deterioration in the antenna perform- 
ance due to bimetal deformation and occurring in a prior- 
art expansion flat antenna having a metallic film fitted to 
the radiation element sheet is prevented, even when the 
antenna device is placed in a harsh temperature envi- 
ronment like a satellite orbit. 

[0074] By embroidering metallic fibers on the radia- 
tion element sheet, the gross weight of metal is de- 
creased as compared with the device having a metallic 
film fitted to the radiation element. This provides an ef- 
fect of reducing the weight of the flat antenna device. 

The Seventeenth Embodiment: 

[0075] The flat antenna device according to a seven- 
teenth embodiment is the same as the device according 
to the fifth embodiment except that the grounding con- 
ductor sheet according to any of the fifth through tenth 
embodiments is used and the radiation element sheet 
according to any of the eleventh through sixteenth em- 
bodiments is used. 

[0076] In the flat antenna device constructed as 
above, deterioration in the antenna performance due to 
bimetal deformation is prevented even more success- 
fully by implementing the grounding conductor sheet 
and the radiation element sheet using metal members 
having a large number of holes formed therein. This pro- 
vides an effect of further reducing the weight of the fiat 
antenna device. 

[0077] The description given above of the specific em- 
bodiments is not to be construed as exhaustive. The fol- 
lowing variations of the flat antenna device according to 
the present invention are conceivable. 
[0078] In the first through seventeenth embodiments 
described above, the dielectric film is formed of KFRP, 
the dielectric member of a picture frame configuration is 
formed of CFRP, and the meshed dielectric fabric is 
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formed of a Kevlar fabric. However, these members may 
also be formed of other dielectric materials. In the first 
through fourth embodiments, the metallic film forming 
the grounding conductor may not be fitted to the dielec- 
tric sheet. The ground conductor sheet may also be s 
formed only of the metallic film. This provides a benefit 
of reducing the weight of the flat antenna device thanks 
to the absence of the dielectric sheet. 
[0079] In the first through seventeenth embodiments, 
the microstrip lines are used to feed power to the circular 
patches 1, 24, 25 and 26. However, power may also be 
fed to the circular patches via pins provided at the back 
of the antenna. 

[0080] In the first through seventeenth embodiments, 
the radiation element is embodied by the circular patch- 
es 1 , 24, 25 and 26. However, a square patch or a print- 
ed dipole may also be used to implement the radiation 
element. 

[0081] Further, the construction according to the first 
through fourth embodiments and the construction ac- 
cording to the fifth through seventeenth embodiments 
may be combined. That is, a metallic member having 
holes formed therein may be used as a grounding con- 
ductor or a radiation element in a flat antenna device 
provided with the extending mechanism. 
Alternatively, a metallic member having holes formed 
therein may be used as a grounding conductor or a ra- 
diation element in a flat antenna device in which the co- 
efficient of thermal expansion of the sheets is controlled. 
Accordingly, a flat antenna device in which an excellent 
flatness is maintained in an environment with a signifi- 
cant change in the temperature is obtained. 
[0082] To summarize, the following benefits are avail- 
able in the flat antenna device according to the present 
invention. 

[0083] In accordance with the invention, a flat antenna 
device comprises a radiation element sheet formed 
such that metallic radiation elements are fitted to a film 
sheet or meshed sheet, a grounding conductor sheet 
having a metallic grounding conductor, a frame-like 
member provided between the radiation element sheet 
and the grounding conductor sheet, a mechanism for 
maintaining the radiation element sheet and the ground- 
ing conductor sheet in a fully extended state, and feeder 
means for feeding power to the radiation elements. 
Thus, a light-weight, low-loss, broadband flat antenna 
device is obtained. 

[0084] In further accordance with the invention, a flat 
antenna device comprises a radiation element sheet 
formed such that metallic radiation elements are fitted 
to a film sheet or meshed sheet, a grounding conductor 
sheet having a metallic grounding conductor, a frame- 
like member provided between the radiation element 
sheet and the grounding conductor sheet and formed of 
a material having a coefficient of thermal expansion dif- 
ferent form that of the radiation element sheet and the 
grounding conductor sheet, and feeder means for feed- 
ing power to the radiation elements. Accordingly, a light- 



weight, low-loss, broadband flat antenna device in 
which an excellent flatness is maintained without resort- 
ing to an extending mechanism is obtained. 
[0085] In further accordance with the invention, the 
grounding conductor sheet is constructed such that a 
metallic grounding conductor is fitted to the entirety of 
the surface of the film sheet or the meshed sheet. Thus, 
the mechanical strength of the grounding conductor 
sheet is increased. In a construction in which an extend- 
ing mechanism is used, this provides an effect of main- 
taining the grounding conductor sheet and the radiation 
element sheet in a fully extended state more properly 
so that the flatness of the flat antenna device is im- 
proved. In a construction in which the coefficient of ther- 
mal expansion of the sheet is controlled, the coefficient 
of thermal expansion of the grounding conductor sheet 
is controlled by selecting a material constructing the 
sheet. Therefore, a desired coefficient is easily obtained 
so that the flatness of the flat antenna device is im- 
proved. 

[0086] In further accordance with the invention, a plu- 
rality of radiation element sheets and a plurality of pic- 
ture-frame members are built upon one another so that 
a light-weight, low-loss, broadband flat antenna device 
is obtained. 

[0087] In furtheraccordance with the invention, the ra- 
diation element sheet and the grounding conductor 
sheet are disposed such that the surface carrying me- 
tallic members operating as radiation elements and the 
surface carrying the metallic member operating as a 
grounding conductor are opposite to each other. Thus, 
a flat, light-weight, low-loss, broadband antenna device 
is obtained. 

[0086] In further accordance with the invention, a flat 
antenna device comprises a radiation element sheet 
formed by fitting metallic radiation elements to a film 
sheet or a meshed sheet, a grounding conductor sheet 
formed by fitting a metallic grounding conductor having 
a large number of holes formed therein to a film sheet 
or a meshed sheet, a picture-frame member provided 
between the radiation element sheet and the grounding 
conductor sheet, and feeder means for feeding power 
to the radiation elements. Accordingly, the modulus of 
elasticity of the surface of the grounding conductor is 
relatively low so that thermal stress generated due to a 
change in the surrounding temperature is eased and de- 
terioration in the antenna performance due to thermal 
deformation is prevented. Further, the gross weight of 
metal used to construct the grounding conductor is re- 
duced so that the weight ol the flat antenna device re- 
duced. 

[0089] In further accordance with the invention, the 
grounding conductor sheet is constructed such that a 
metallic coat is applied to a meshed sheet so that the 
grounding conductor has a meshed distribution. Accord- 
ingly, thermal stress generated due to a change in the 
surrounding temperature is eased so that deterioration 
in the antenna performance due to thermal deformation 
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is prevented. Further, the gross weight of metal used to 
construct grounding conductor is reduced so that a light- 
weight flat antenna device is obtained. 
[0090] in further accordance with the invention, the 
grounding conductor sheet is formed by fining a com- 
pact of metallic fibers to a film sheet or a meshed sheet. 
Accordingly, the modulus of elasticity of the surface of 
the grounding conductor is relatively low so that thermal 
stress generated due to a change in the surrounding 
temperature is eased and deterioration in the antenna 
performance due to thermal deformation is prevented. 
Further, the gross weight of metal used to construct the 
grounding conductor is reduced so that the weight of the 
flat antenna device is reduced. 

[0091] In further accordance with the invention, the 
grounding conductor sheet is formed by fitting knitted 
metallic fibers to a film sheet or a meshed sheet. Ac- 
cordingly, the modulus of elasticity of the surface of the 
grounding conductor is relatively low so that thermal 
stress generated due to a change in the surrounding 
temperature is eased and degradation in the antenna 
performance due to thermal deformation is prevented. 
Further, the gross weight of metal used to construct the 
grounding conductor is reduced so that the weight of the 
flat antenna device is reduced: 

[0092] In further accordance with the invention, the 
grounding conductor sheet is formed by embroidering 
metallic fibers on a film sheet or a meshed sheet. Ac- 
cordingly, the modulus of elasticity of the surface of the 
grounding conductor is relatively low so that thermal 
stress generated due to a change in the surrounding 
temperature is eased and degradation in the antenna 
performance due to thermal deformation is prevented. 
Further, the gross weight of metal used to construct the 
grounding cond uctor is reduced so that the weight of the 
flat antenna device is reduced. 

[0093] In further accordance with the invention, a flat 
antenna device comprises a radiation element sheet 
formed by fitting metallic radiation elements having a 
large number of holes to a film sheet or a meshed sheet, 
a grounding conductor sheet having a metallic ground- 
ing conductor, a picture-frame member provided be- 
tween the radiation element sheet and the grounding 
conductor sheet, and feeder means for feeding power 
to the radiation elements. Accordingly, the modulus of 
elasticity of the surface of the radiation element is rela- 
tively low so that thermal stress generated due to a 
change in the surrounding temperature is eased and 
degradation in the antenna performance due to thermal 
deformation is prevented. Further, the gross weight of 
metal used to construct the grounding conductor is re- 
duced so that the weight of the flat antenna device is 
reduced. 

[0094] In further accordance with the invention, the ra- 
diation element sheet is constructed such that a metallic 
coat is applied to a meshed sheet so that radiation ele- 
ments have a meshed distribution. Accordingly, thermal 
stress generated due to a change in the surrounding 



temperature is eased so that deterioration in perform- 
ance due to thermal deformation is prevented. Further, 
the gross weight of metal used to construct the radiation 
element is reduced so that the weight of the flat antenna 

5 device is reduced. 

[0095] In further accordance with the invention, the ra- 
diation element sheet is formed by fining a compact of 
metallic fibers to a film sheet or a meshed sheet. Ac- 
cordingly, the modulus of elasticity of the surface of the 

10 radiation element is relatively low so that thermal stress 
generated due to a change in the surrounding temper- 
ature is eased and deterioration in the antenna perform- 
ance due to thermal deformation is prevented. Further, 
the gross weight of metal used to construct the radiation 

is elements is reduced so that the weight of the flat anten- 
na device is reduced. 

[0096] In further accordance with the invention, the ra- 
diation element sheet is formed by fitting knitted metallic 
fibers to a film sheet or a meshed sheet. Accordingly, 

20 the modulus of elasticity of the surface of the radiation 
element is relatively low so that thermal stress generat- 
ed due to a change in the surrounding temperature is 
eased and deterioration in the antenna performance 
due to thermal deformation is prevented. Further, the 

25 gross weight of metal used to construct the radiation el- 
ements is reduced so that the weight of the flat antenna 
device is reduced. 

[0097] In further accordance with the invention, the ra- 
diation element sheet is formed by embroidering metal- 
so lie fibers on a film sheet or a meshed sheet. Accordingly, 
the modulus of elasticity of the surface of the grounding 
conductor is relatively low so that thermal stress gener- 
ated due to a change in the surrounding temperature is 
eased and deterioration in the antenna performance 
35 due to thermal deformation is prevented. Further, the 
gross weight of metal used to construct the radiation el- 
ements is reduced so that the weight of the flat antenna 
device is reduced. 

[0098] In further accordance with the invention, both 
40 the grounding conductor sheet and the radiation ele- 
ment sheet are constructed such that a metallic member 
with a large number of holes formed therein is fitted to 
a film sheet or meshed sheet. Thus, thermal stress gen- 
erated due to a change in the surrounding temperature 
45 is eased in both the ground conductor sheet and the ra- 
diation element sheet so that deterioration in the anten- 
na performance due to thermal deformation is prevent- 
ed and the weight of the flat antenna device is reduced. 

so 

Claims 

1 . A flat antenna device characterized in comprising: 

55 a radiation element sheet (2a, 1 ) lormed such 

that a metallic radiation element (1) is fitted to 
one of a film sheet and a meshed sheet (2a); 
a grounding conductor sheet (2b, 4) having a 
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metallic grounding conductor (4); 
a frame-like member (3) provided between said 
radiation element sheet (2a, 1) and said 
grounding conductor sheet (2b, 4); and 
feeder means (6) tor feeding power to said ra- 
diation element (1). 

2. The flat antenna device as claimed in claim 1 , char- 
acterized in further comprising: 

a mechanism (5) for maintaining said radiation 
element sheet (2a, 1) and said grounding con- 
ductor sheet (2b, 4) in a fully extended state. 

3. The flat antenna device as claimed in claim 1 , char- 
acterized in that said frame-like member (3) is 
formed of a material having a coefficient of thermal 
expansion different from that of said radiation ele- 
ment sheet (2a, 1) and said grounding conductor 
sheet (2b. 4). 

4. A flat antenna device characterized in comprising: 

a radiation element sheet (2a, 1) formed such 
that a metallic radiation element (1) is fitted to 
one of a film sheet and a meshed sheet (2a); 
a grounding conductor sheet (2b, 21) formed 
by fitting a metallic grounding conductor (21) 
having a large number of holes (21a) formed 
therein to one of a film sheet and a meshed 
sheet (2b); 

a frame-like member (3) provided between said 
radiation element sheet (2a, 1) and said 
grounding conductor sheet (2b, 21); 
a mechanism (5) for maintaining said radiation 
element sheet (2a, 1) and said grounding con- 
ductor sheet (2b, 21) in a fully extended state; 
and 

feeder means (6) for feeding power to said ra- 
diation element (1). 

5. A flat antenna device characterized in comprising: 

a radiation element sheet (2a, 24) formed by 
fitting a metallic radiation element (24) having 
a large number of holes (24a) to one of a film 
sheet and a meshed sheet; 
a grounding conductor sheet (2b, 4) having a 
metallic grounding conductor (4); 
a picture-frame member provided between said 
radiation element sheet (2a, 24) and said 
grounding conductor sheet (2b, 4); and 
feeder means for feeding power to said radia- 
tion element (24). 

6. The flat antenna device as claimed in claim 2, 
wherein a plurality of radiation element sheets (2a, 
1, 2c, 7) and a plurality of frame-like members (3) 



are built upon one another. 

7. The flat antenna device as claimed in claim 4, 
wherein said ground conductor sheet (2b, 21) is 
formed such that a metallic coat is applied to a 
meshed sheet. 

8. The flat antenna device as claimed in claim 4, 
wherein said grounding conductor sheet (2b, 21) is 
formed by fitting a compact of metallic fibers to one 
of a film sheet and a meshed sheet. 

9. The flat antenna device as claimed in claim 5, 
wherein said radiation element sheet (2a, 24) is 
constructed such that a metallic coat is applied to a 
meshed sheet. 

10. The flat antenna device as claimed in claim 5, 
wherein said radiation element sheet (2a, 24) is 
formed by fitting a compact of metallic fibers to one 
of a film sheet and a meshed sheet. 
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